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CHAPTER 1: INTRODUCTION 
1.1 Background Information 
In any region of the country, airports are important for several reasons. An airport is 
a major land user, a critical transportation facility, a major economic center, and a significant 
employment center. Airports, that provide transportation services and product distribution, 
are important elements of local economies. For local communities, an airport could be a 
precious economic development engine and vital public asset. However, at the same time an 
airport is a transportation facility that people do not want to live next to, since an airport can 
bring negative spillovers, including aircraft noise, potential air traffic hazards, or air quality 
deterioration. 
By-products of airports may increase as a result of increases in air transportation 
activities. Due to growth in the economy and increases in passenger and cargo activity, 
airports have been forced to expand to provide adequate service as key facilities in the 
nation's transportation network. Through such airport expansion and increase of operations, 
airports have provided economic benefits to the surrounding communities. According to a 
study conducted by US General Accounting Office (2000b ), among the 50 busiest airports in 
the United States, 34 airports are planning to build or at least extend 56 runways by 2010. At 
the same time, expansion tends to bring unexpected negative by-products, such as noise and 
air pollution. These negative by-products can be complicated and pose serious problems for 
an airport operation. 
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Since the introduction of the turbo jet aircraft in the late 1950s, noise pollution 
became one of the serious environmental problems for airport communities (Powers, 1986). 
By their nature, airports produce noise during departures and arrivals of aircraft. Excessive 
noise disturbs the life of people around an airport. People living, working, and playing near 
airports have an additional, significant source of noise in their lives compared with other 
areas. 
Most major airports were built in the 1930s. They did not incorporate plans for 
future growth or adequate buffer zones to ensure compatibility with adjacent uses (Creswell, 
1990). More importantly, most communities had not enacted zoning regulations which 
considered airports' future expansion and might have prevented residential and commercial 
development from encroaching on airport borders (Magee, 1996). To accomplish a successful 
airport operation, an airport needs to manage noise problems for the health and safety of 
community residents, while providing adequate services for air transportation activities. This 
balancing act requires the complicated tasks of airport operation management, land use 
planning, and citizen participation. Under these circumstances, city planning that provides 
effective solutions is growing in importance. 
1.2 Problem Statement 
Airport noise is an inherent problem to airports and their surrounding neighborhoods. 
Excessive noise from an airport has adverse effects on human health and property values in 
the surrounding communities. Noise disturbs lives of people. Although individuals' 
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sensitivities to noise vary, generally the louder the noise and the higher the pitch of its 
components, the greater is the level of annoyance. Noise may have negative effects both 
physiologically and behaviorally. Physiological effects include both temporary and 
permanent hearing damage. Behavioral effects include interference with speech and learning, 
and loss of sleep. (Malone, 1990; US HUD, 1972). 
In addition, noise from aircraft lowers residential property values. O' Byrne (1985) 
examined the relationship between airport noise and residential property values. The study 
showed that noise discounted property values at - 0.67% per decibel at the Atlanta 
International Airport. Furthermore, Mieszkowski and Saper (1978) studied the effects of 
aircraft noise on urban property values and claimed that there is the systematic evidence that 
houses located in various noise contours do sell at a discount. The estimates of the magnitude 
of the discount vary, but it might be as high as 15% and above. 
Also, improperly managed noise from airports may cause litigation. When a local 
government owns and operates an airport, property owners near airports may sue the local 
government since the local government serves as an airport proprietor. Property owners have 
the right to reasonable enjoyment of their property, free from airport-related noise, damage to 
property, or other nuisances. Airport proprietors and aircraft operators using the airport may 
have to pay for damages to property owners where flights over the property create noise or 
vibration sufficient to interfere with the owner's reasonable use and enjoyment of his or her 
property (Schoen, 1986). Communities' budgets are also threatened, because the costs of the 
available forms of noise mitigation are rapidly increasing. These noise mitigations include 
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soundproofing, land acquisitions, property relocations, and alternative aviation facilities. 
Thus, the inappropriately planned airport will result in high costs for noise mitigation. 
For airport officials, noise is the greatest concern for both current and future 
operations. US General Accounting Office (2000b) claims that noise issues are the most 
serious environmental concern for 33 airport officials among the 50 busiest airports when 
making decisions about current operations (Figure 1). This study states that officials from 
almost all of these airports were concerned about noise issues to some degree. The 
compatibility with nearby land use is also recognized as the third most serious concern from 
this study. 
Although the amount of noise from aircraft engines has been reduced due to 
technological advances, the problem of noise is expected to grow as the demand for air 
transportation increases. Thus, the noise problem will continue to be a serious issue in the 
future, even for airports currently located in undeveloped areas. Current and potential noise 
problems in the United States create a sense of urgency for airport proprietors, and federal, 
state, and local governments to take actions to ensure maximum efficiency of operations and 
compatibility with adjacent land uses. Therefore, it is important for airport proprietors and 
local government to take noise mitigation approaches before the noise problem becomes 
severe and mitigation costs are raised. Well planned and managed airports can help address 
current noise problems and avoid future conflicts. 
5 
Figure 1: Environmental Issues That Are a Major Concern for Airports When Making 
Decisions about Current Operations 
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1.3 Land Use Controls 
Successful airport operations require effective noise control by both the airport 
proprietor and local governments. As measures to mitigate negative impacts of noise, there 
are mainly two types of noise control approaches: operational control of aircraft and land use 
controls in surrounding communities. Operational control involves controls and regulations 
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of the aircraft themselves or airport operations, such as preferential runways, aircraft bans 
and curfews, and slots and capacity restrictions. The purpose of these approaches is to control 
the source of the airport noise. Land use controls seek to reduce noise through locating 
compatible land uses in areas surrounding airports that reduce negatively affected population. 
Airport land use compatibility planning and implementation describes the achievement and 
maintenance of land uses in the airport environments that are not adversely affected by 
aircraft noise (Drollinger, 1992). This type of approach tries to control the receiver of the 
aircraft noise. As for specific land use control techniques, typical land use control approaches 
include zoning, comprehensive plan (land use plan), land acquisition, avigational easement, 
building code, transferable development rights, and land banking. 
Land use controls are considered cost-effective methods for ensuring that the noise 
generated by aircrafts using an airport does not lead to incompatible land use and successful 
lawsuits in inverse condemnation. Zoning, in particular, has long been recognized as a valid 
exercise of the police power to protect the public health and welfare by preventing 
noise-sensitive land uses (such as residences, schools, and hospitals) from being constructed 
in areas impacted by high levels of aircraft noise. 
In order to conduct noise-compatible land use planning, airport planners must 
accurately estimate future noise exposure for the land surrounding airports. Through accurate 
estimation of the noise exposure, the planners can suggest land uses which are compatible 
with the noise level. Since it is generally accepted that noise levels under 65 DNL (db) are 
incompatible with the reasonably quiet enjoyment of residential property, land areas falling 
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within the 65 DNL (db) noise level should be used for less noise-sensitive use. In particular, 
single-family residential properties should be located outside of this level of noise exposure. 
In terms of compatible land use, industrial uses are quite compatible with airport noise. These 
industrial uses include land for manufacturing factories and warehouses. Airport industrial 
parks have been particularly successful in these noisier areas, since factories at the industrial 
parks tend to operate noisy machinery and these factories are not acceptable at the developed 
urban areas in terms of the noise compatible land use. Indeed, the proximity of the airport as 
a transportation hub may make such properties especially valuable in an industrial 
application (Hamilton, 1991). 
Essentially, the land use compatibility planning process is intended to establish 
harmony between the airport and the people living and working near it. It means keeping 
houses and other noise-sensitive buildings away from the airport so that airport noise is not 
annoying. 
US General Accounting Office (2000a) claims that land use compatibility planning 
is one of the best noise mitigation techniques to minimize the impact of aircraft noise on 
surrounding communities. The importance of these techniques is increasing since land use 
decisions that are incompatible with aviation activities and airport facilities can be an 
obstacle for airports to grow in order to meet the increasing demand for air activities. The 
estimated increasing demand for air activities makes operational control, another type of 
noise mitigation approach, difficult since an airport will need to expand in terms of its 
facilities and the number of operations. 
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During the last three decades, the number of people who reside in significant noise 
levels (65 DNL db and above) has dropped significantly due to quieter aircraft engines 
created through technological advancement. However, this environmental problem has not 
been solved completely. Rather, the noise issue has become much more complicated and 
challenging for airports and local communities, considering future growth of air activities 
and the limitation of operational control approaches. The result from the survey conducted by 
US General Accounting Office (2000b) shows that officials at 29 airports among the 50 
busiest airports in the United State indicated that currently it is much more difficult to 
balance environmental concerns with airport's operations than in 1989. Therefore, more 
attention needs to be given to the aircraft noies issue and available noise mitigation measures. 
Several studies have been done on airport noise and the land use compatibility 
planning. They identified available land use planning approaches and analyzed the 
characteristics, advantages, and disadvantages of available land use planning techniques. 
However, few studies have been done on analyzing the land use changes around an airport 
and examining the effectiveness of these available land use planning approaches. In order to 
analyze the land use changes and the effectiveness of land use planning approaches, it is 
necessary to examine the noise exposure conditions and its impact. Monitoring noise 
exposure conditions, examining the land use changes around an airport, and analyzing land 
use planning approaches are elements of the land use compatibility planning process. To 
improve land use compatibility planning practices, it is important to analyze these elements. 
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1.4 Objective 
The main objective of this research is to examine the impact of airport noise on land 
use and the effectiveness of available land use planning approaches for land use changes. The 
most commonly used land use planning approaches, zoning and land use plan will be 
examined. This research also analyzes noise abatement policies and regulations and liability 
for the noise emission at airports, since it is highly related to the land use planning practice. 
This research provides better understanding of noise regulatory framework and how land use 
planning can be used effectively by which organizations or governmental agencies to avoid 
negative noise impacts. 
1.5 Research Questions and Hypothesis 
The following questions, among others, are asked to establish an understanding of 
the issue of airport noise: 
What are the regulatory policies with regard to airport noise control? 
What is the role of the federal, state, and local governments for noise control? 
What is the noise impact at surrounding communities (Impacted population, dwelling 
units)? 
What are the land use changes within highly noise affected areas (65 DNL)? 
- What is the effect of zoning on land use changes? 
What is the effect of land use plan on land use changes? 
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Hypothesis 
As mentioned above, two land use planning approaches, the land use plan and 
zoning, are considered to be effective for noise mitigation at airports. These land use 
planning approaches can be useful tools for planners to reduce the negative impact of noise 
by reducing noise sensitive land uses such as residential land use and some public uses, 
affected by the particular amount of noise level. Well prepared land use planning approaches, 
which reflect local land use decisions and development controls, can effectively guide land 
use changes. It is said that land use planning approaches can be useful tool to change the land 
use pattern. By utilizing these land use planning approaches, a local government can separate 
an airport noise from a community. In other words, land use planning approach is the option 
for a local government to formulate the noise compatible land use pattern in which we 
minimize the impact of the noise from an airport. Therefore, the following hypothesis is 
established for this study: Land use planning approach is a relatively important tool to 
mitigate noise pollution around an airport. 
1.6 Research Design and Methodology 
To examine the research questions established above, two approaches are used. 
Noise regulation policies and controls are analyzed through the examination of previous 
studies and historical discussions. In order to examine the impacts of airport noise on land 
use and the effectiveness of available land use planning approaches for land use changes, a 
case study is conducted at the Des Moines International Airport (DSM). The noise impacts 
around the DSM and the local zoning and land use plan practices are studied. Noise exposure 
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conditions at DSM both in 1989 and 2000 are examined. After identifying noise conditions, 
their impacts in terms of population, dwelling units, and residential land use areas are 
analyzed. Then the study analyzes the effects of land use planning approaches by examining 
the spatial correspondence between the actual land use pattern and the land use pattern 
identified in the zoning and the land use plans. 
1. 7 Contribution of Study 
It is important for local and state governments, airport proprietors, and planners to 
effectively estimate and mitigate noise impact at airports, while maintaining the sufficient 
supply of airport infrastructure. Therefore, an examination of noise regulation policies, noise 
impact, land use changes, and the effectiveness of the land use planning approaches will be 
useful for successful airport operation and planning. This study will provide for a better 
understanding of the noise regulation framework and land use compatibility planning 
practices for the noise mitigation at airports. 
1.8 Organization of the Remainder of the Study 
Chapter 2 reviews literature on airport noise control and land use planning. Previous 
studies on airport noise and land use planning will be identified and reviewed. Policies on 
noise regulation, which are related to land use planning, are analyzed through the 
examination of historical and current regulations and policies on airport noise. After 
examining noise abatement policies, liability and responsibility of airport proprietors, federal, 
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state, and local governments is discussed. Historical arguments in airport noise trials and 
judicial decisions are analyzed for liability of noise emission. Through the discussion of 
regulations, policies, and responsibility, the regulatory framework for airport noise is 
examined. Chapter 3 discusses the methodology for this research. It covers the study area, 
research procedure, tool, and data in detail. Chapter 4 discusses the analysis of the case study 
at DSM. Chapter 5 summarizes the results from previous chapters. The final conclusions 
from the study and recommendations for future researches are found in chapter 6. 
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CHAPTER 2: LITERATURE REVIEW FOR NOISE 
REGULATORY FRAMEWORK AND LAND USE PLANNING 
This chapter examines previous discussions and research on airport noise regulation 
and land use planning approaches for noise mitigation. Federal regulations and programs on 
airport noise are analyzed. Also, the liability for noise emission and the role of noise 
abatement through historical literature and judicial decisions will be examined. Based on the 
discussion of regulation, responsibility, and role of governments, the regulatory framework 
for airport noise is examined. Two land use planning approaches are selected and reviewed: 
land use plan and zoning. 
2.1 Federal Regulations and Programs 
The following section discusses airport noise regulations, policies, and 
responsibilities for noise mitigation that should be considered in a local land use planning 
process. Regulations of aircraft noise are primarily achieved through federal legislations. 
In order to reduce noise pollution, several regulations and programs were enacted by the 
federal government. These federal laws and programs were designated to ensure noise 
compatibility of the airport with its environment. 
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Federal Aviation Act of 1958 
The Federal Aviation Act of 1958 created the Federal Aviation Administration (FAA) 
and granted exclusive and complete authority over the nation's navigable airspace to the FAA. 
The act also gives the FAA the authority to regulate air navigation facilities; to certify aircraft, 
airmen, commercial air carriers, and airports; and to regulate the design and manufacture of 
aircraft. It focused on safety and economic issues, and did not directly address the increasing 
aircraft noise problem. Only a few of the act's provisions dealt with environmental issues, 
and very few of these implicated state or local governmental powers to any significant degree 
(Falzone, 1999). Congress amended the Federal Aviation Act in 1968. The Aircraft Noise 
Abatement Act (ANAA) of 1968 gives the FAA authority over the regulation of aircraft noise 
emission. With statutory authority under the 1968 amendment, the FAA issued Federal 
Aviation Regulation (FAR) Part 36. Part 36 created a system for measuring aircraft noise and 
established maximum levels of noise output for both newly certified aircraft and existing 
older aircraft. Part 36 breaks noise emission into three different levels or "stages" based on 
an aircraft's size and number of engines. Aircraft, which were certified prior to the 
publication of Part 36 and do not meet the new standards for noise emissions, are referred to 
as stage one aircraft. Aircraft meeting the standards of 1969 are referred to as stage two 
aircraft. Aircraft meetings a stricter standard adopted by the FAA in 1977 are referred to as 
stage three aircraft (Falzone, 1999). Thus stage three aircraft, which pass the strictest noise 
restrictions, are categorized as the quietest type of aircraft. 
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Noise Control Act of 1972 
Prior to the enactment of the Noise Control Act of 1972, inverse condemnation 
actions, common law nuisance remedies, and sporadic attention by some states were the only 
constrains on increasing levels of airport noise. Thus, citizens had difficulty getting 
compensation for aircraft noise pollution. 
In 1970, Congress directed the Environment Protection Agency (EPA) to establish 
the Office of Noise Abatement and Control (ONAC). Congress ordered ONAC to complete a 
one-year investigation and study of the effects of noise on public health and welfare. Based 
on its findings, the EPA convinced Congress that noise pollution was a serious problem. The 
EPA reported that in the United States forty million people were exposed to noise capable of 
indicating hearing loss, and transportation and aircraft noise had reduced forty-four million 
people's property value (Falzone, 1999). 
In 1972, in response to ONAC's report, the Noise Control Act (NCA) was 
established to coordinate federal research and activities on noise control, establish federal 
noise emission standards for products in commerce, and provide public information 
regarding noise emission and reduction. The administrator of the EPA is required to 
coordinate the noise research and control programs of all federal agencies. Also, as 
prerequisite to dissemination of noise emission standards, the administrator was required to 
publish criteria on the level of environmental noise necessary to protect the public health and 
welfare with an adequate margin of safety. Both the ANAA and NCA acts were intended to 
pre-empt state and local regulation by Congress (Cole, 1993). However, even with the 
introduction of the EPA to the regulatory scheme, the FAA retained its primary responsibility 
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for regulation of aircraft noise under the NCA. 
Aviation Safety and Noise Abatement Act of 1979 
Under the Aviation Safety and Noise Abatement Act of 1979 (ASNA), the 
Department of Transportation approves programs for airport noise compatibility. The ASNA 
also provides a noise compatibility planning system, comprised of financial incentives to 
encourage both airport and aircraft operations to adopt anti-noise pollution policies. Planning 
is only mandatory if the airport desires federal aid for development (Falzone, 1999). Airports 
seek noise compatibility by implementing the following typical measures: establishing 
preferential runways, restricting airport use, modifying flight procedures, and acquiring 
noise-impacted land. 
In addition to financial incentives ASNA provides airport proprietors with other 
incentives for submitting noise compatibility programs. Theses incentives include protecting 
airport operators from potential liability for noise pollution through noise exposure maps. 
Noise exposure maps notify potential purchasers of property near the airport about the 
possibly high noise levels. Purchasers of property near an airport with a noise exposure map 
are limited in recovering damages because they are presumed to have had actual or 
constructive knowledge of the noise exposure map. A purchaser can overcome this 
presumption by demonstrating that a significant change in the type or frequency of aircraft 
operations at the airport, airport layout, flight patterns, or an increase in night operations has 
taken place and that damages resulted from this change or increase (Falzone, 1999). Also, 
according to the ASNA, in civil lawsuits, plaintiffs cannot use the noise exposure map as 
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evidence in the noise suits against the airport. These provisions in the ASNA help decrease 
airport noise litigation by protecting airport operators (Rockett, 1986). 
Federal Aviation Regulation (FAR) Part 150 
The Federal Aviation Regulation (FAR) Part 150 program was established under the 
Aviation Safety and Noise Abatement Act of 1979 (ASNA). The aim of the act was to allow 
airport owners to voluntarily submit noise exposure maps and noise compatibility programs 
to the FAA for a review and approval. The Part 150 provides for a standardized planning 
process supported by federal funding for the implementation of the Part 150 programs. The 
preparation and submission of noise exposure maps and a noise compatibility programs is 
strictly voluntary and left to the discretion of local airport owners. The purpose for 
conducting a Part 150 study at an airport is to develop a balanced, cost-effective, voluntary 
plan for reducing current noise impacts from an airport's operations, where practical, and to 
limit additional noise impacts in the future. The Part 150 program establishes a single system 
for the measurement for airport noise, a single system for determining the exposure of 
individuals to airport noise, and a standardized airport noise compatibility planning grogram. 
The planning program includes the following: 
1. Airport operators developing and submitting a Noise Exposure map and Noise 
Compatibility Program to the FAA. 
2. Establishing standard noise units, methods, and analytical techniques for use in airport 
assessments. 
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3. Identifying land uses that are compatible, incompatible, or compatible with modification 
with various levels of noise around airports. 
4. Developing procedures and criteria for the FAA's administrator's review and approval of 
noise compatible programs. 
The Part 150 program identifies the guidelines for the land uses that are normally 
compatible with various levels of DNL exposure. These guidelines identify various land use 
recommendations that are compatible or incompatible with yearly DNL levels above 65 dB 
in 5 dB increments. Levels below 65 DNL dB are considered compatible for all land use 
without restrictions. Levels between 65 DNL dB and 75 dB are considered incompatible with 
residential or school land uses unless measures are taken to reduce the noise levels. Above 75 
DNL dB, residential land uses are considered unacceptable, even with incorporation of noise 
attenuation measures. However, other land uses such as open space, commercial, and 
manufacturing (industrial) are considered compatible in areas with more than 75 DNL dB. 
The goal of the overall program is for the airport proprietor, in consultation with state and 
local planners, local aviation groups, and interested citizens, to develop a balanced and 
cost-effective program to minimize and/or mitigate the airport's noise impact on local 
communities (US FAA, 1983). This program is good guidelines for compatible land use 
planning study and analysis. However, the FAA can only provide guidelines and funding to 
promote compatible land use planning; the organization has no real regulatory authority for 
controlling land uses around airports to assure noise compatible environments. The 
responsibility falls on state and local governments to develop land use control strategies that 
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create compatible land use around airports. 
Airport Noise and Capacity Act of 1990 
In 1990, Congress passed the Airport Noise and Capacity Act (ANCA). This act 
restricts the power of local governments to regulate noise in order to encourage the 
development of additional airport capacity. The statute limits local restrictions on the specific 
type of aircraft unless an airport operator completes a formal notice procedure (Zambrano, 
2000). 
2.2 Liability and Role for Airport Noise 
Federal preemption 
Because several different authorities, such as federal, state, and local governments, 
are involved in air transportation activities, airport operation, and governing surrounding land 
use, the jurisdiction of each authority often becomes the important issue. A fundamental issue 
in airport planning is the potential conflict between the federal jurisdiction and the state and 
local jurisdiction when state and local governments try to establish their own restrictions that 
intend to control aircraft noise. 
Since the passage of the Air Commerce Act (ACA) in 1926, the federal government 
has been granted the exclusive and complete authority over the use and management of 
airspace. In addition, the Federal Aviation Act (FAA) in 1958 confirmed the Federal Aviation 
Administration's control over the use of the navigable airspace in the United States, and the 
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act also declares that no political subdivision shall enact or enforce any rule regarding to 
rates, routes, or services of any air carrier (Hardaway, 1991; Falzone, 1999). This federal 
preemption of the regulatory authority was upheld in the U.S. Supreme Court case of City of 
Burbank v. Lockheed Air Terminal in 19731. In this case, the city of Burbank passed a city 
ordinance forbidding jet aircraft from taking off at a specific time period. The purpose of the 
ordinance was to exercise its police powers to abate noise and thereby protect the health and 
well-being of the citizens of Burbank. The Court found that regulations of state and local 
governments in the field of aircraft noise abatement had been preempted by the Congress and 
so federal control preempts the right of state and local governments to exercise their police 
power in this area. Therefore, based on the ACA and FAA clauses and ruling in Burbank case, 
it is settled that the federal government has the exclusive power to regulate noise in the area 
of use and management of airspace, and the ability of state and local governments to pass 
laws and ordinances governing airport operations is restricted. Problems tend to arise with 
power structure when local governments attempt to establish ordinances restricting the types 
of planes used at airports or imposing curfews on times that planes may fly into airports. 
These local ordinances may be invalidated. 
Liability 
In relation to the jurisdiction of regulation, critical questions arise about which 
governmental or private entity will carry the burden of damage caused by aircraft noise. As 
1 City of Burbank v. Lockheed Air Terminal, 411 U.S. 624 (1973). 
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mentioned above, according to ACA and FAA clauses and the ruling in Burbank case, it is 
established that the federal government has exclusive authority over the navigable space. The 
Supreme Court established the federal government's liability for noise pollution in Causby v. 
United States2. In the Causby case, the Supreme Court determined that low and frequent 
flights that interfered with the planitiff's (Causby) use and enjoyment of his land, constituted 
a compensable "taking" under the Fifth Amendment. Therefore, in this case, the U.S. 
government's liability was established. 
Although the federal preemption was established, previous cases show that airport 
proprietors also have liability for noise damages along with the federal government (Rockett, 
1986). Often, airports are owned and operated by local governments, such as counties or 
cities. In these situations, as airport proprietors, local governments may have liability for 
noise pollution. Since the Griggs v. County of Alegheney3 case, airport proprietors may be 
financially liable for damages due to excessive noise. In the Griggs case, the Supreme Court 
held that a public airport operator is liable to nearby landowners for the "taking" of an 
aviation easement over his property occasioned by low flying commercial aircraft using the 
airport. The court rejected the airport operator's argument that if liability existed it should be 
placed either on the commercial airlines that flew the offending aircraft or the federal 
government that not only regulated and controlled the actual flight path taken by the aircraft 
but also had conferred, by statute, a free right of transit through navigable airspace. 
2 Causby v. United States, 328 U.S. 256 (1946). 
3 Griggs v. County of Allegheney, 369 U.S. 84 (1962). 
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In additional court action, landowners surrounding airports have sued airport 
operators and government agencies on tort theories of nuisance. Noise interferences with 
enjoyment and use of individual property may create tort liability, on the basis of nuisance. 
Nuisance actions do not involve claims of the physical invasion of property rights. Instead, 
landowners assert that excessive noise causes a compensable harm resulting from 
interference with the landowner's use and enjoyment of the property (Zambrano, 2000). 
For example, in Provident Mutual Life Insurance Co. v. City of Atlanta4, the issue was 
whether property owners on contiguous land could sue airports for public nuisance. The 
plaintiff argued that the activities at the William B. Hartsfield Atlanta International Airport 
creates a nuisance as a result of high levels of noise, vibrations, and dust from over-flying 
planes (Zambrano, 2000). 
Also, in the County of Westchester v. Town of Greenwich5, the court stated that the 
county has responsibility for securing air easements necessary for the airport operations. This 
noise abatement measure includes purchasing lands around the airport. Therefore, this case 
established liability of airport proprietor for noise abatement measures. (Zambrano, 2000). 
After the responsibility of airport proprietors to control airport noise was established 
in these cases, another issue arose about the balance between airport proprietors' and federal 
government's responsibility for noise damages. British Airways Board v. Port Authority of 
New York and New Jersey6 addressed the right of proprietors to regulate noise exposure by 
4 Provident Mutual Life Insurance Co v. City of Atlanta. 938 F. Supp. 829 (1995). 
5 County of Westchester v. Town of Greenwich, 76 F. 3d 42 (1996). 
6 British Airways Board v. Port Authority of New York and New Jersey, 431 F. Supp. 1216. 
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controlling airport activities. In this case, Port Authority (the defendant) established two 
restrictions: 1) no jets could land at John F. Kennedy airport without prior airport permission, 
and 2) the noise levels of all aircraft must not be greater than 112 PM db. Responding to this 
restriction, the British Airways Board and Compagnie National Air France (plaintiff) sought 
injunctive relief alleging that the Port Authority's power to act in the area of airport noise 
regulation has been preempted by the federal government. The court held that the airport 
proprietor could regulate noise in a manner that is reasonable, non-discriminatory and fair 
towards commerce and national and international interests of the United States. Therefore, 
the court showed the potential jurisdiction of airport proprietor to restrict the noise at 
airports. 
These cases provided a legal framework that places liability for noise control with the 
federal government and airport proprietor, which is often the same as a local government. 
As a summary of liability of the federal government and airport proprietor, the federal 
government has the authority and liability to control aircraft noise by the regulations of 
source emissions, by flight operational procedures, and by management of the air traffic 
control in way that minimize noise impacts on residential areas. However, the federal 
government has no authority to determine what acceptable noise levels are in a given airport 
environment other than to ensure that the aircraft using that airport meet a design noise 
standard. 
As for the liability of airport proprietors, they are responsible for planning and 
implementing action designed to reduce the effect of noise on residents of the surrounding 
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area. Such actions include optional site location, improvements in the airport design, noise 
abatement ground procedures, land acquisition, and restriction of airport use. This restriction 
of airport use must not be unjustly discriminatory or arbitrary, nor interfere with the federal 
interest in safety and management of the air navigation system, nor impede interstate and 
foreign commerce. 
Liability and power of local governments to regulate airport noise 
Local governments as airport proprietors may have liability as mentioned above, and 
they have a power to regulate noise. Another issue with regard to power to control the noise 
is whether a local government that is a non-airport proprietor has power to restrict the noise 
that come from an airport. 
The Constitution gives the states and local governments broad powers to regulate the 
use of property for community health, safety, and welfare. Therefore, using this Constitution 
clause as basis of power, local governments around airports which are not an airport 
proprietors still can control lands surrounding the airport when the regulations used by local 
governments are a reasonable and proper exercise of the police power. The validity of 
regulation depends on two questions: 
1. Does the regulation bear a substantial relationship to public health, safety, and general 
welfare? 
2. Is public interest sufficient for the reasonable imposition of restrictions on property 
adjacent to an airport, without having to compensate the owner for the diminution in 
value? 
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With regard to power to regulate, Hardaway ( 1991) claims three principles by summarizing 
arguments in the case of Burbank as follows. 
1. The federal government has the exclusive power to regulate use of navigable airspace. 
2. Local governments have the power to regulate activities of airports that are of purely 
local concern. This power includes regulation of ground operations, imposition of 
building and height restrictions around airports, and exercise of zoning authority. 
3. Local and state government do not have the direct police power to regulate in matters 
such as aircraft noise abatement at local airports, even though this is a field that the states 
have traditionally occupied. This is because such control directly affects the use of 
navigable airspace and is thus preempted by pervasive federal regulation. 
(Hardaway, 1991) 
A municipality that was not an airport proprietor may impose restrictions dealing with 
ground operations, such as creating noise barriers, promulgating zoning laws, establishing a 
land use plan, and issuing building codes. The case law indicates that state or local 
governmental authorities can use their zoning power to determine whether the areas adjacent 
to airports will be open air buffer zones or will be developed for non-residential use (Bennett, 
1982). Therefore, a municipality have powers not preempted by the to provide for a quieter 
environment through land use planning. 
2.3 Land Use Planning Approaches 
As discussed above, local governments acting as airport proprietor or non-proprietor 
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have limited options to restrict air transportation itself due to the federal preemption. They 
have land use planning options for airport noise mitigation without jurisdictial limitations. 
Therefore, land use planning approaches are effective noise management techniques 
available to local governments. Few studies of land use planning approaches to airport noise 
mitigation have been conducted. Cline ( 1986) studied noise control actions taken by airports. 
This study contains information on the specific noise control strategies at each U.S airport. 
Also, Bragdon ( 1987) examined noise control strategies in the airport communities. This 
study identified available operational controls and land use controls through a survey of 402 
airports. Table 1 shows the available land use planning strategies that were identified in this 
study. 
Table 1: Airport Noise Controls Strategies: Land Use Planning 
Rank Order Land Use Controls Airport Number Communities Percent 
1 Zoning 113 33 
2 Comprehensive plan 108 26.8 
3 Land Acquisition 77 19.I 
4 Avigational Easement 49 12.l 
5 Noise Disclosure 34 8.4 
6 Environment Impact Review 33 8.2 
7 Building Code 32 7.9 
8 Capital Improvements 18 4.4 
9 Sound Insulation 18 4.4 
10 Development Rights 10 2.4 
11 Site Design 9 2.2 
12 Land Banking 7 1.7 
Sample Size : 402 airports 
Source: (Bragdon, 1987) 
Drollinger (1992) examined land use planning approaches for aircraft noise. This 
research analyzed the effectiveness of land use planning approaches, legal considerations, 
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and the roles and responsibilities with regard to airport land use compatibility planning. A 
case study was conducted at 52 airports in New Jersey to assess the effectiveness of available 
land use techniques in a political and practical situation. Through this case study, Drollinger 
mentioned the following findings: 
Local governments and the public do not see the cause and effects of poor land use 
compatibility planning around airports. 
A local government's desire for keeping the jurisdiction often takes precedence over good 
land use planning. 
The effectiveness of land use controls depends on the implementation of policies and 
regulations at different governmental levels. 
A commitment of various levels of government for successful land use planning is 
required. 
Zoning 
Zoning is a tool of the police power of state and local government. It enables 
governments to enact ordinances to protect the public health, safety, and welfare. Zoning is 
the most commonly used legal device to carry out policies in a comprehensive plan. Thus, 
zoning must be based on a comprehensive plan. A zoning ordinance divides a community 
into districts, or zones, and regulates land use activities in each district, specifying the 
permitted uses of land and buildings, the intensity of density of such uses, and the bulk of 
building on the land. Generally, zoning is intended to be used to achieve the future land use 
patterns adopted in the comprehensive plan, to protect existing land uses from incompatible 
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land uses, to provide adequate public facilities and services such as streets, schools, parks 
and utility systems, and to direct development away from environmentally sensitive areas 
(Hoch et al., ed, 2000). Drollinger (1992) discussed that the most commonly used type of 
zoning for an airport are height and hazard zoning, noise overlay zoning, exclusive zoning, 
floating zones, and performance standards. These zoning techniques are defined as follows: 
Height and hazard zoning: Regulations designed to protect runway approaches from the 
hazard of high objects or structures. 
Noise overlay zoning: Districts established in areas with high levels of aircraft noise 
with the purpose of directing uses compatible with different noise levels. 
Exclusive zoning: Districts permitting a singular type of use 
Floating zones: An unmapped zone district where all the zone requirements are 
contained in the ordinance and the zone is fixed on the map only when the application for 
development is approved and certain conditions are met. 
Performance standards: A set of criteria relating to nuisance elements that a particular 
use may not exceed. 
Among the available zoning techniques, Papsidero (1992) claimed that the creation 
of a noise overlay zoning district is the best planning technique to encourage land use 
compatibility in an airport area. The noise overlay zoning districts is a special type of zoning 
districts that places additional requirements on existing zoning districts within a given 
geographical area. The land use categories and related development standards that are to be 
applied in the districts are based on the land use compatibility guidelines established by each 
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community. 
In addition, the US FAA (2003) and Stevenson (1972) claims that in order to use 
zoning as an effective tool to help eliminate or reduce incompatible development and land 
uses around airports, zoning must be in place early enough - prior to the setting of the 
development pattern. 
The main advantage of zoning for airport noise is that it promotes compatible land 
use while leaving the land in private ownership. On the other hand, zoning has several 
limitations. Zoning is not retroactive. Local governments cannot change the zoning to 
prevent land use which is already in place. Also, one type of zoning is only applied to one 
jurisdiction. Airport noise often spreads over more than one jurisdiction. In this case, 
cooperation between impacted jurisdictions is necessary for the effective noise mitigation. 
Despite these disadvantages, zoning will probably continue to be the main land-use control 
technique. 
Land use plan (Comprehensive plan) 
Kaiser et al., (1995) defined land use planning as follows: 
Land use planning is the effort to influence the direction of land use change. 
This effort is carried out through the preparation and implementation of 
future land use plans and policies, through the review and approval of 
development projects, through the recommendation of capital improvement 
programs, and through participation in ongoing local government 
decision-making and problem solving. 
Generally, the land use plan is the part of comprehensive or master plan which is an 
official public document adopted by a government that projects and guides the future of a 
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community. The comprehensive plan, especially the land use element, is the policy document 
guiding land use. Land use plans are spatially specific and map oriented. They stress to 
designate non development areas in environmentally vulnerable locations and development 
areas in locations more suited to urban expansion, rather than structuring the pattern of 
human activities within urban space (Hoch et al., ed, 2000). The plans are the basis of the 
zoning ordinance and zoning is the method of implementing the policy (Drollinger, 1992). 
The plan can provide policy-makers, airport owners, land use regulators, developers, and the 
general citizens with an understanding of the magnitude of the land use conflicts and relevant 
solutions. Especially, in areas where development has already been allowed to occur close to 
airport property or where airport expansions have resulted in originally unforeseen potential 
conflicts with adjacent and surrounding properties, the plan can provide recommendations for 
mitigated such conflicts (US FAA, 2003). Thus, the land use plan can be useful strategy to 
create long-term development and compatible uses in the airport vicinity. In particular, a land 
use plan is very effective strategies for still developing areas. Usually, authority of local and 
state governments has this land use plan option rather than the airport operator. 
2.4 Conclusions 
The review of both noise regulatory framework and land use planning approaches 
clarify the national policies on aircraft noise regulations, liability of federal, state, and local 
governments for aircraft noise, and available noise control technique for aircraft noise 
mitigation. Considering the federal preemption over the airport operations, local governments 
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tend to have the limited options of controlling airport operations for the aircraft noise 
mitigation. Thus the land use planning approaches are considered to be potential noise 
mitigation techniques fully available for local governments. This situation especially applies 
to a local government who owns and operates an airport and at the same time has liability for 
aircrafts noise as an airport proprietor. 
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CHAPTER3:METHODOLOGY 
This chapter describes the methodology adopted in this study. To know the noise 
impacts on land uses and analyze the effectiveness of the land use planning approaches, a 
case study was conducted at the Des Moines International Airport. The study area, 
instruments used, the process of research, and necessary data are discussed in detail. 
3.1 Case Study: Des Moines International Airport 
In order to analyze the land use planning practices and its effectiveness for noise 
mitigation, a case study was conducted in the Des Moines International Airport (DSM) in 
Des Moines, Iowa. In this case study, zoning and the land use plan are analyzed. 
The Des Moines International Airport (DSM) was selected as an airport for this 
study for the following reasons: 
- North to east areas of the airport are highly populated residential lands and it is important 
for the city of Des Moines (owner and operator of the airport) to know the noise impact in 
this area. 
- Local municipalities around DSM, which include the city of Des Moines, the city of West 
Des Moines, and the city of Norwalk, implemented the zoning and land use plans separately. 
- The DSM conducted the Federal Aviation Regulation (FAR) Part 150 Noise Compatibility 
Study with the Federal Aviation Administration (FAA) in 1989. A follow-up study has not 
been completed to assess the noise impact and land use planning measures. 
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3.2 Study Area 
The DSM airport is located on approximately 2300 acres of land on the 
southwestern side of the city of Des Moines in Polk County, Iowa (Figure 2). It is four and 
half miles southwest of Des Moines' central business districts. The city of Des Moines owns 
and operates DSM. The DSM opened at its current location in 1931 and offers both 
commercial and general aviation air services. DSM is classified as a small hub, according to 
the FAA classification. In terms of the number of empanelment, it is the largest airport in 
Iowa (Table 2) and offers commercial services to most hub airports in the United States. 
Table 2: Passenger Emplanements of Iowa Commercial Service Airports. - 1990 to 2002 
Des Cedar Mason 
Year Moines Rapids Burlington Dubuque Fort Dodge City Sioux City Waterloo 
1990 717,460 408,017 23,743 34,539 6,801 16,553 111,737 60,299 
1991 742,453 387,483 24,838 33,060 7,292 13,254 89,230 55,176 
1992 744,757 396,612 28,705 43,572 10,079 17,908 106,044 64,256 
1993 703,153 385,384 28,921 44,979 10,391 17,930 94,362 65,689 
1994 681,033 393,827 27,672 41,789 10,059 18,054 91,359 62,921 
1995 805,350 401,394 23,457 36,652 9,702 16,592 117,355 61,414 
1996 892,848 408,262 21,894 35,001 6,821 16,520 101,618 70,084 
1997 860,230 444,108 19,855 39,624 7,060 17,619 102,847 70,453 
1998 832,720 462,478 20,211 44,782 8,562 15,759 90,277 60,449 
1999 849,603 464,277 18,828 55,555 11,801 13,477 89,563 58,904 
2000 843,290 493,795 16,511 58,531 11,729 12,612 85,684 54,580 
2001 789,715 440,797 10,763 55,583 9,717 14,215 89,709 51,366 
2002 846,301 434,063 8,302 51,246 7,662 13,928 55,712 42,032 
Source: Iowa Department of Transportation 
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In the 1990s, the airport's runway configuration consisted of the main 13L- 31R 
(northwest/southeast) runway at 9,000 feet long by 150 feet wide, the 5-23 
(southwest/northeast) crosswind runway at 6,500 feet long by 150 feet wide, and the 
13R-31 L runway at 3,200 feet long by 100 feet wide for general aviation on the west side of 
the airport. Runway 13R-31L, the general aviation runway, was mainly used for general 
aviation aircraft under 12,500 lb. The 13R-30L, 3,200 foot long general aviation runway was 
closed to make room for air cargo facility expansion and to accommodate the extension of 
the 5-23 runway to its ultimate length of 9,000 feet (Des Moines International Airport, 
2004). The airport currently has two full service runways capable of accommodating any size 
and type of aircraft with instrument landing systems on three approaches and with air traffic 
control services provided 24 hours daily. Figure 3 shows the runway diagram of DSM. 
A study area was selected to establish a consistent basis for data collection (Figure 
4). The boundaries of the study area are intended to include 65 DNL (db) counter lines in 
1989 to allow later evaluation of aircraft noise. This 65 DNL (db) contour line in 1989 is 
derived from the aircraft noise analysis described in the next chapter. Since the noise 
exposure spreads into a wide geographical extent, several political boundaries are also 
included in this study area. These municipalities include the city of Des Moines, city of West 
Des Moines, city of Norwalk, and Warren County. Most of the study area lies within the city 
limits of Des Moines. This study area boundary should be consistent with the data collection 
area for the later analysis. 
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Noise from the airport is one of the serious environmental issues for DSM. 
According to the master plan of DSM created in 1995, maintaining good relationships with 
neighborhood communities by minimizing environmental impacts such as aircraft noise is 
established as the long-term airport goal (Des Moines International Airport, 1995). Also, 
DSM conducted the F.A.R. Part 150 Noise Compatibility Study with the FAA in 1989. The 
main purpose of the study was to assess current noise conditions, forecast future noise levels, 
analyze the impact of noise in the surrounding communities, and identify measures to 
minimize noise impacts. Therefore, DSM has been eager to study noise impact around the 
airport and has coped with measures to reduce the negative impacts of the noise. 
The general land use patterns around DSM include both urban and rural types of 
land uses, which contrast on opposite sides of the airport. To the west and south of the airport, 
a mainly rural type of land use is seen. The western areas are undeveloped with a few, 
scattered residential areas. On the south side of the airport, there are areas of clustered, single 
family residential areas and some industrial developments. Some of these residential 
developments are located within the clear zone to Runway 3 lR. On the east side of the 
airport, commercial land use is predominant along Fleur Drive. The east areas beyond Fleur 
Drive are used as high density residential. Directly north of the airport is also used as 
residential, although it is not as densely populated as the east side of the airport. To the 
northwest of the airport through the approach to Runway l 3L, there are few residential 
developments. In this area, large industrial developments are dominant. There are several 
large factories and the area serves as the industrial park. Further toward the northwest, the 
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Raccoon River and open space along the river separates residential development in the city of 
West Des Moines. The western part of the city of West Des Moines, included in the study 
area, is mostly used as high density residential mixed with commercial development along 
with the principal streets. 
3.3 Research Design and Procedure 
This research examines the noise impact on land uses and effectiveness of land use 
planning approaches. As a first step, noise exposure level at DSM will be identified in both 
1989 and 2000. In order to model the noise conditions, an aircraft noise modeling program, 
Integrated Noise Model 6.1, is used. Integrated Noise Model 6.1 is computer software 
specifically designed to model noise conditions around airports. It can produce noise 
contours ranging from 55 DNL (db) to 85 DNL (db) by 5 DNL (db) interval. As a unit of 
noise measurement, the Day-Night Average Sound Level (DNL) metric is used for this study. 
It is the 24-hour average sound level, in decibels, for the period from midnight to midnight, 
obtained after the addition of ten decibels to sound levels for the period between 10 p.m. to 7 
a.m. The DNL metric is generally used to relate noise in residential areas to chronic 
annoyance by activity interference (Federal Interagency Committee On Noise, 1992). The 
DNL metric is the FAA standard metric for determining the cumulative exposure of 
individual noise. All federally-funded airport noise studies use DNL as the primary noise 
metric. This metric is also preferred by the Environmental Protection Agency (EPA), the 
Department of Housing and Urban Development (HUD), the Department of Defense (DOD), 
and the Federal Highway Administration (FHWA). 
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After identifying the noise levels at two points of time, noise impacts on land use 
and effectiveness of land use planning approaches are analyzed by using the geographic 
information system program, Arcview 9. To conduct the land use analysis, it is critical to 
define the negatively affected land use. In order to define the negatively affected land use, 
this study used the FAA's guidelines. The FAA provides land use compatibility guidelines 
through The Federal Aviation Regulation (FAR) Part 150 program under the Aviation Safety 
and Noise Abatement Act of 1979. These guidelines identify land uses that are "normally 
compatible" or "non compatible" with various levels of noise. Table 3, reproduced from the 
original land use compatibility table of the FAR Part 150, shows these compatibility 
parameters for various land uses. According to this FAA's guideline, areas under more than 
65 DNL (db) are not acceptable for residential land use. Compared with other types of land 
uses, such as commercial and industrial, residential land use is very sensitive to noise. Also, 
the previous research conducted by the Federal Aviation Administration (FAA), the 
Environmental Protection Agency (EPA), and Department of Housing and Urban 
Development (HUD) claim a threshold of aircraft noise level based on an annual average 
level at which a significant number of persons perceive themselves "impacted" by noise. This 
level is known as the 65 DNL (db). Sound levels at or above this threshold are defined as 
having negative impacts to residential and certain other land uses and their occupants. Thus, 
in this study, negatively affected land use is defined as residential areas exposed to more than 
65 DNL (db) noise. Detailed discussions on the methodology for aircraft noise analysis and 
land use analysis will be described in the following section. 
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Table 3: Land Use Compatibility Guideline 
Yearly Day-Night Average Sound Level 
(DNL) in Decibels 
LAND USE Below Over 65 65-70 70-75 75-80 80-85 85 
RESIDENTIAL 
Residential, other than mobile homes y N(a) N(a) N N N 
and transient lodgings 
Mobile home parks y N N N N N 
Transient lodgings y N(a) N(a) N(a) N N 
PUBLIC USE 
Schools, hospitals, nursing homes y 25 30 N N N 
Churches, auditoriums, and concert halls y 25 30 N N N 
Governmental services y y 25 30 N N 
Transportation y y Y(b) Y(c) Y(d) Y(c) 
Parking y y Y(b) Y(c) Y(d) N 
COMMERCIAL USE 
Offices, business and professional y y 25 30 N N 
Wholesale and retail - building materials, y y Y(b) Y(c) Y(d) N 
hard ware, and farm equipment 
Retail trade, general y y 25 30 N N 
Utilities y y Y(b) Y(c) Y(d) N 
Communication y y 25 30 N N 
MANUFACTURING AND PRODUCTION 
Manufacturing, general y y Y(b) Y(c) Y(d) N 
Photographic and optical y y 25 30 N N 
Agriculture (except livestock) and forestry y Y(f) Y(g) Y(h) Y(h) Y(h) 
Livestock farming and breeding y Y(f) Y(g) N N N 
Mining and fishing, resource production y y y y y y 
and extraction 
RECREATIONAL 
Outdoor sports arenas and spectator sports y Y(e) Y(e) N N N 
Outdoor music shells, amphitheaters y N N N N N 
Nature exhibits and zoos y y N N N N 
Amusements, parks, resorts, and camps y y y N N N 
Golf courses, riding stables, and water y y 25 30 N N 
recreation 
Key to Table: 
Y (Yes) 
N (No) 
25,30, or35 
Notes for Table: 
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Land use and related structures compatible without restrictions. 
Land use and related structures are not compatible and should be 
prohibited. 
Land use and related structures generally compatible; measures to achieve 
Noise Level Reduction (NRL), outdoor to indoor, of 25, 30, or 35 db must 
be incorporated into design and construction of structure. 
a. Where the community determines that residential uses must be allowed, measures to 
achieve outdoor to indoor Noise Level Reduction (NRL) at lesser 25 db and 30db should 
be incorporated into building codes, and be considered in individual approvals. Normal 
construction can be expected to provide a NLR of 20db. Thus, the reduction requirements 
are often stated as 5, 10, or 15 db over standard construction and normally assume 
mechanical ventilation and closed windows year round. However, the use of NRL criteria 
will not eliminate outdoor noise problems. 
b. Compatible where measures to achieve NLR of 25 db are incorporated into the design 
and construction of portions of these buildings where the public is received, office areas, 
noise sensitive areas, or where the normal noise level is low. 
c. Compatible where measures to achieve NLR of 30 db are incorporated into the design 
and construction of portions of these buildings where the public is received, office areas, 
noise sensitive areas, or where the normal noise level is low. 
d. Compatible where measures to achieve NLR of 35 db are incorporated into the design 
and construction of portions of these buildings where the public is received, office areas, 
noise sensitive areas, or where the normal noise level is low. 
e. Land use compatible, provided special sound reinforcement systems are installed. 
f. Prime use only, any residential buildings that require an NLR of 25 db to be compatible. 
g. Prime use only, any residential buildings that require an NLR of 35 db to be compatible. 
h. Prime use only, NLR for residential buildings not normally feasible, and such uses should 
be prohibited. 
Source: FAR Par 150 Airport Noise Compatibility Planning, Appendix A, Tablel. 
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3.4 Aircraft Noise Analysis Methodology 
To analyze the noise exposures of the DSM in 1989 and 2000, a computer program, 
Integrated Noise Model (INM) version 6.1, is used for this study. The INM is released from 
the FAA's Office of Environment and Energy and it is the program accepted for FAA-funded 
FAR. Part 150 Noise Compatibility Studies (US FAA, 1999). The INM uses annual average 
daily operations to calculate the noise exposure around an airport. An annual average daily 
operation is determined by dividing the total annual operations by 365 days. The INM 
computes the annual average daily noise exposure at points on the ground around an airport. 
Noise contour lines of equal daily sound level are created from the grid of points generated 
by the program. Since noise impact is more closely correlated with long-term noise 
conditions rather than occasional events, the use of a computerized noise modeling program 
is preferred. It is impractical, more expensive, and generally less accurate to attempt to 
measure actual noise levels directly, since it requires long periods of measurements at 
numerous monitor sites (Des Moines International Airport, 1989). To use INM, significant 
amounts of data input are required. The INM uses the following data: 
- Number of flight operations 
- Time of day percentages of flight operations 
- Aircraft fleet mix 
- Flight tracks 
- Flight track use percentage 
- Airport elevation 
- Average annual temperature 
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Flight Operations and Fleet Mix 
Flight operation is defined as the takeoffs and landings by aircrafts operating at 
DSM. For INM data input, the flight operations are classified into three major user groups: 
commercial services (air carrier, cargo carrier, and commuter/air taxi), general aviation (a 
group that does not involve scheduled service), and military. The operation data in 1989 is 
derived from the FAR Part 150 Noise Compatibility Study conducted by DSM in 1989. With 
the FAR Part 150 Noise Compatibility Study in 1989, noise exposure levels were studied 
around DSM. This study has aircraft fleet mix information at DSM in 1989. The aircraft fleet 
mix, the types of aircrafts used, is important to model noise levels, since different aircrafts 
generate different levels of noise. Table 4 shows the generalized fleet mix data in 1989, 
which includes aircraft types, corresponding aircraft types used in INM, and the annual 
number of operations for each aircraft type. 
The operation data in 2000 is derived from the flight schedule summary report 
obtained from the Department of Aviation at the Des Moines International Airport. The flight 
schedule summary report of a one-year period from January 2000 to December 2000 at DSM 
is used for the research. This report includes fleet mix, time of day information, and 
origin/destination of the flights. Table 5 shows the generalized fleet mix data in, 2000 which 
includes aircraft types, corresponding aircraft types used in INM, and the annual number of 
operations for each aircraft type. 
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Table 4: Annual Operation Summary in 1989 
Air Craft Type INMID(l) Annual Number of Operations 
B-727 727EM2 10289 
B-737 737500 8166 
B-737-300 737400 1307 
B-747 747200 163 
-; Business Jet 737Nl7 8819 
·e DC-8-60 DC860 1307 .. 
e 
e DC-8-70 DC870 326 
0 
u DC-9 DC93LW 12412 
MD80 MD83 163 
Heavy Turboprop DHC6 1633 
Metroliner/SD-330 DHC6 15515 
SF-340/Brazilia SF340 2613 
Commercial 62713 
-; = Light Single Piston KJASEPF 60753 
.. ~ .. Light Twin Piston BEC58P 20904 = .! .. ~ ~ Light Turboprop CNA441 10615 
General Aviation Total 92272 
~ .. .~ ... A-70 A7D 8329 
Military Total 8329 
Total 163314 
Note: (1) Aircraft version in INM 6.1. 
Source: Des Moines International Airport, 1989. 
Table 5: Annual Operation Summary in 2000 
Air Craft Type INMID (1) Annual Number of Operations 
8717-200 717200 684 
8737-300 737400 2232 
8737-500 737500 744 
8757-200 757PW 2004 
-; 8767-300 767300 288 
·2 8727-100 727EMI 1308 .. 
e 
e 8 727-023/200/400 727EM2 3876 
0 
u 8737-200 737N17 744 
A319 A319 744 
A320 A320 744 
RJ-85 BAE300 5088 
CR-J CL601 9552 
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Table 5: (continued) 
Air Craft Type INM ID (1) Annual Number of Operations 
DC8 DC870 804 
~C9 DC93LW 2172 
BAeJ-31 DHC6 864 
BE-19000 DHC6 5796 
SA-227 DHC6 504 
EMJ ~MB145 3600 
FlOO Fl0065 2232 
MD80 MD83 2052 
MD83 
'i 
MD83 1368 
·e SF3 SF340 5052 
.. 
~ Lear35/35A LEAR35 1456 
0 
'-.l Lear23/24/25/25D LEAR25 14 
CE-310R BEC58P 3150 
PA-32R/23/31 GASEPV 1420 
c210m10 GASEPV 674 
C208/208B GASEPF 2178 
BE-58 BEC58P 960 
Cessna-402 BEC58P 3744 
King-air CNA441 2912 
Cessna Citation CNASOO 832 
Lear35/35A LEAR35 832 
Commercial Total 70624 
Single Engine Piston GASEPF 25689 
Multi Engine Piston BEC58P 9575 
Turboprop k::NA441 5464 
= Citation550 CNA55B 0 4624 ~ 
.! 
~ Falcon JO LEAR35 841 
~ Lear25 LEAR25 841 
= ~ Lear35 LEAR35 1261 
Challenger600 CL600 1681 
G-IV GIV 1261 
G-V GV 420 
General Aviation Total 51657 
.. 
F-16 Fl6A 3935 :$ ;;.., 
~ B-1900 Cl2 463 
Military Total 4398 
Total 126679 
Note: (1) Aircraft version in INM 6.1. 
Source: Department of Aviation, Des Moines International Airport. Des Moines International Airport, 2003. 
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In order to run INM, inputting the annual average number of operations per day by 
aircraft type and by departures and arrivals is required. Since INM take the time of day 
operations occur into consideration, the time of day information is also necessary. In 
calculating noise exposure, extra weight (10 extra decibels) will be placed on the nighttime 
(10:00 p.m. to 7:00 a.m.) flights. Tables 6 and 7 present the average daily flight operations of 
both 1989 and 2000 by aircraft type, departure and arrival, and time of day. These tables 
show the average number of operations on one day and these numbers are broken into 
aircraft type, departure and arrival, and time of day. Because of a lack of time of day 
information in 1989, distributions of operations by time of day in 1989 are assumed to be the 
same pattern as the average distribution of 2000. Also, while detailed operation data are 
available for the commercial services, the summary reports from DSM do not have a fleet 
mix, time of day information, and origin/destination of the flights on general aviation and 
military operations. Therefore, general aviation and military flights are assumed to operate in 
a same time pattern, proportionately distributed in the pattern of the commercial service for 
the fleet mix, time of day, and origin/destination information. 
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Table 6: Annual Average Daily Flight Operations in 1989 
Departures Arrivals Total 
INM-ID (1) Day (2) Night (3) Total Day (2) Night (3) Total Operations 
727EM2 11.6714 2.4228 14.0942 11.7775 2.3167 14.0942 28.1884 
737500 9.2630 1.9229 11.1859 9.3472 1.8387 11.1859 22.3718 
737400 1.4821 0.3077 1.7897 1.4956 0.2942 1.7897 3.5795 
747200 0.1853 0.0385 0.2237 0.1869 0.0368 0.2237 0.4474 
737N17 10.0041 2.0767 12.0808 10.0950 1.9858 12.0808 24.1615 
DC860 1.4821 0.3077 1.7897 1.4956 0.2942 1.7897 3.5795 
DC870 0.3705 0.0769 0.4474 0.3739 0.0735 0.4474 0.8949 
DC93LW 14.0798 2.9227 17.0026 14.2078 2.7948 17.0026 34.0051 
MD83 0.1853 0.0385 0.2237 0.1869 0.0368 0.2237 0.4474 
DHC6 19.4524 4.0380 23.4904 19.6292 3.8612 23.4904 46.9807 
SF340 2.9642 0.6153 3.5795 2.9911 0.5884 3.5795 7.1590 
GASEPF 68.9170 14.3060 83.2230 69.5434 13.6796 83.2230 166.4460 
BEC58P 23.7134 4.9225 28.6359 23.9289 4.7070 28.6359 57.2718 
CNA441 12.0419 2.4997 14.5417 12.1514 2.3903 14.5417 29.0833 
A7D 9.4483 1.9613 11.4096 9.5342 1.8754 11.4096 22.8192 
Total Daily 185.2607 38.4571 223.7178 186.9446 36.7732 223.7178 447.4356 
Total Annual 67620.1617 14036.8383 81657 68234.7939 13422.2061 81657 163314 
Notes:(l) Aircraft version in INM 6.1 (2) Day: 7:00-22:00 (3) Night: 22:00-7:00. 
Source: Des Moines International Airport, 1989. 
Table 7: Annual Average Daily Flight Operations in 2000 
Departures Arrivals Total 
INM-ID (1) Day (2) Evening (3) Night (4) Total Day (2) Evening (3) Night (4) Total Operations 
717200 1.0192 0.0000 0.0000 1.0192 0.8548 0.0000 0.0000 0.8548 1.8740 
737400 2.0384 0.0000 1.0192 3.0575 2.0384 1.0192 0.0000 3.0575 6.1151 
737500 1.0192 0.0000 0.0000 1.0192 1.0192 0.0000 0.0000 1.0192 2.0384 
767300 0.3945 0.0000 0.0000 0.3945 0.3945 0.0000 0.0000 0.3945 0.7890 
727EM1 1.7096 0.0000 0.0000 1.7096 1.8740 0.0000 0.0000 1.8740 3.5836 
727EM2 2.3342 1.7096 1.9726 6.0164 1.8740 0.0000 2.7288 4.6027 10.6192 
737N17 1.0192 0.0000 0.0000 1.0192 1.0192 0.0000 0.0000 1.0192 2.0384 
757PW 1.7425 0.0000 1.0849 2.8274 1.5781 0.0000 1.0849 2.6630 5.4904 
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Table 7: (continued) 
Departures Arrivals Total 
INM-ID (1) !Day (2) Evening (3) Night (4) Total Day (2) Evening (3) Night (4) Total Operations 
A319 1.0192 0.0000 0.0000 1.0192 0.0000 0.0000 1.0192 1.0192 2.0384 
A320 0.0000 0.0000 1.0192 1.0192 0.0000 0.0000 1.0192 1.0192 2.0384 
BAE300 4.9315 0.0000 2.0384 6.9699 3.9123 2.0384 1.0192 6.9699 13.9397 
CL601 9.5014 0.0000 3.0575 12.5589 8.4164 2.0384 3.1562 13.6110 26.1699 
DC870 0.9534 0.0000 0.0000 0.9534 1.0849 0.0000 0.1644 1.2493 2.2027 
DC93LW 1.5452 0.6904 0.8548 3.0904 1.4466 0.0000 1.4137 2.8603 5.9507 
DHC6 5.4575 2.4000 1.7096 9.5671 6.3123 1.8740 1.8740 10.0603 19.6274 
EMB145 4.9315 0.0000 0.0000 4.9315 3.9123 1.0192 0.0000 4.9315 9.8630 
F10065 2.0384 0.0000 1.0192 3.0575 2.0384 1.0192 0.0000 3.0575 6.1151 
MD83 3.0575 0.6904 0.6904 4.4384 3.0575 1.0192 0.8548 4.9315 9.3699 
SF340 4.7671 0.8548 1.7096 7.3315 4.2740 1.5452 0.6904 6.5096 13.8411 
LEAR35 3.9163 0.6650 1.4325 6.0137 3.9733 0.6621 1.3783 6.0137 12.0274 
LEAR25 0.9282 0.1509 0.0922 1.1712 0.9289 0.1511 0.0912 1.1712 2.3425 
BEC58P 16.6130 2.8123 4.4501 23.8753 16.7356 2.7660 4.3737 23.8753 47.7507 
GASEPV 0.9753 0.1721 1.7211 2.8685 1.0900 0.2008 1.5777 2.8685 5.7370 
GASEPF 29.1667 4.7538 4.2535 38.1740 29.2861 4.7836 4.1043 38.1740 76.3479 
CNA441 9.2590 1.5714 0.6436 11.4740 9.1792 1.4916 0.8032 11.4740 22.9479 
CNA500 0.9346 0.1710 0.0342 1.1397 0.9118 0.1482 0.0798 1.1397 2.2795 
CNA558 5.0674 0.8235 0.4434 6.3342 5.0674 0.8235 0.4434 6.3342 12.6685 
CL600 1.8422 0.2994 0.1612 2.3027 1.8422 0.2994 0.1612 2.3027 4.6055 
GIV 1.3819 0.2246 0.1209 1.7274 1.3819 0.2246 0.1209 1.7274 3.4548 
GV 0.4603 0.0748 0.0403 0.5753 0.4603 0.0748 0.0403 0.5753 1.1507 
F16A 4.3123 0.8086 0.2695 5.3904 4.3123 0.8086 0.2695 5.3904 10.7808 
C12 0.5074 0.0951 0.0317 0.6342 0.5074 0.0951 0.0317 0.6342 1.2685 
Total Daily 124.8439 18.9674 29.8694 173.6808 120.7832 24.1018 28.4998 173.3849 347.0658 
Total Annual 45568 6923 10902 63394 44086 8797 10402 63286 126679 
Notes: (1) Aircraft version in INM 6.1 (2) Day: 7:00-19:00 (3) Evening: 19:00-22:00 (4) Night: 22:00-7:00. 
Source: Department of Aviation, Des Moines International Airport. Des Moines International Airport, 2003. 
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Flight Tracks, Flight Track Use Percentage, and Airport Elevation and Temperature 
In order to calculate noise levels on the ground, it is important to decide the routes 
aircraft take. The flight track information was derived from the flight tracks observed for the 
FAR. Part 150 Noise Compatibility Study at DSM. These flight tracks were used to analyze 
the noise conditions for both 1989 and 2000.With this noise compatible study, the location of 
individual operations was recorded to develop the individual flight tracks. Then, individually 
collected flight tracks were examined to develop consolidated flight tracks. Therefore, flight 
tracks used in this study are the average paths that aircrafts follow. Aircrafts usually do not 
follow the exact path used in this study, but rather, they cover broad expanses of airspaces. 
In addition to flight tracks, flight track use percentages must be decided considering 
traffic volumes for each flight track. The data on the runway usage (Table 8) are used to 
determine the flight track use percentages. These data came from the Environmental 
Assessment study conducted by the Des Moines International Airport (Des Moines 
International Airport, 2003). Next, the volume of flight traffic was assigned to specific tracks, 
based on the origin/destination information derived from the flight schedule summary report 
of 2000 obtained from the Department of Aviation at the Des Moines International Airport. 
Table 9 shows the flight track use percentages for each track. For this study, it is assumed that 
aircraft would take the flight track most efficient, considering its origin or destination. Since 
this information is not available for general aviation and military operations, general aviation 
and military are assumed to operate in a same pattern proportionately distributed in the 
pattern of the commercial service operations. Although data on flight track use percentages 
are available for the year of 2000, data for 1989 are not available. Thus in this research, flight 
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track use percentages of 2000 are also applied to the case of 1989. 
As for other data such as airport elevation, annual temperature, and area terrain, 
default values from INM are used for the study. 
Table 8: Runway Use Percentages 
Runway Departures Arrivals 
Commercial General Aviation Military Commercial General Aviation Military 
31R 23.0% 26.6% 22.4% 45.0% 52.8% 70.4% 
13L 15.0% 16.8% 14.3% 16.0% 15.5% 23.0% 
5 2.0% 2.1% 1.9% 38.5% 25.9% 5.0% 
23 60.0% 54.5% 61.4% 0.5% 5.8% 1.6% 
Total 100% 100% 100% 100% 100% 100% 
Source: Des Moines International Airport, 2003. 
Table 9: Flight Track Use Percentages 
Operation Flight Track Numbers 
Groups 1 2 3 4 5 6 7 8 9 Total 
l;IJ 
Commercial 14.0% 3.7% 5.3% 9.2% 2:: 5.9% 43.2% 9.6% 7.2% 2.0% 100% 
= t: General Aviation 16.2% 4.2% 6.2% 10.3% 6.6% 39.2% 8.7% 6.5% 2.1% 100% cc 
Cl. 
Q,j 
~ Military 13.7% 3.6% 5.2% 8.7% 5.6% 44.2% 9.8% 7.4% 1.9% 100% 
1 2 3 4 Total 
l;IJ 
~ 
Commercial 0.5% 45.0% 38.5% 16.0% 100% 
... 
... General Aviation 5.8% 52.8% 25.9% 15.5% 100% ... 
... 
< 
Military 1.6% 70.4% 5.0% 23.0% 100% 
Source: Department of Aviation, Des Moines International Airport. Des Moines International Airport, 2003. 
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Assumptions of INM input 
The following shows the list of assumptions when data are inputted into INM. 
1. Distributions of operations by time of day in 1989 are assumed to be the same pattern as 
the average distribution of 2000. 
2. The general aviation and military flights in 2000 are assumed to operate in a same time 
pattern proportionately distributed in the pattern of the commercial service for the fleet 
mix, time of day, and origin/destination information. 
3. Aircraft operations during 1989 and 2000 are assumed to follow the flight tracks 
observed for the FAR. Part 150 Noise Compatibility Study at DSM. 
4. Aircraft are assumed to take the flight tracks most efficient, considering its origin or 
destination. 
5. Flight track usage percentages for 1989 are assumed to be same as for 2000. 
INMOutput 
The data described above is inputted into INM program. Then, INM produces a 
noise exposure graphic as an output product. When calculating the noise exposure, a user can 
choose a noise metric from several options. For this study, DNL (db) is chosen as a noise 
metric. The output graphic shows the noise contours by 5 DNL (db) from 55 to 85 DNL (db). 
The output noise contours are exported into the Geographic Information System (GIS) as a 
shapefile. After estimating the noise contours in the DSM airport by INM, this research 
analyzes the noise impacts on the land use of surrounding communities and effects of land 
use planning strategies for the noise mitigation by using GIS. 
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3.5 Land Use Analysis Methodology 
After the noise exposure levels are identified, the impact of noise on land use and 
the impact of the land use planning approaches on the actual land uses is analyzed by using 
the Geographic Information System (GIS) program Arcview 9. 
Noise impacts analysis 
In order to analyze the noise impact, a detailed examination is conducted in the 
highly noise affected area; that is, areas exposed to more than 65 DNL (db) noise. For noise 
impact analysis in this area, three elements are taken into consideration: population, number 
of dwelling units, and residential land use. The noise exposure layer produced by INM is 
overlaid with other layers to identify the noise impacts. Data on the distribution of the 
population and dwelling units in the study area are derived from the U.S. Census for 1990 
and 2000. A layer of census boundaries at the block level, which has information on the 
number of population and dwelling units in each block, is used for this study. In order to 
create land use maps for the two time periods of this study, two aerial photos, corresponding 
to two different periods of time, are used. Based on aerial photo-interpretations, land was 
classified into residential, commercial, industrial, and other uses. Satellite remote sensing, in 
conjunction with GIS, will provide the maximum information content. This is recognized as a 
powerful tool for the quantitative analysis of land use change (Treitz et al., 1990; Welch et al., 
1988). The process consists of displaying aerial photos and digitizing polygons representing 
different land use categories based on land use characteristics. The final land use map is 
checked by ground observations and local knowledge. This visual interpretation of image 
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data collects evidence from the image, relying on the basic elements of interpretation such as 
tone/color, size, shape, texture, pattern, height, shadow, and site/association (Friedl et al., 
1988). This method is flexible, permitting full use of information contained within the scene 
as well as other data sources to be incorporated throughout the interpretation process 
(Westmoreland and Stow, 1992). Although the aerial photo of 1990 in the study area is 
available, the one for 2000 is not available. Thus, the aerial photo of 2002 is used. Based on 
this photo, a land use map of 2002 is created. 
Land Use Changes and Effects of Land Use Planning Approaches 
To analyze the land-use changes within 65 DNL (db) noise contour line from 1990 
to 2002, a cross-tabulation detection method is employed. The cross-tabulation detection 
method uses a table matrix to provide knowledge of the main types of change (directions) in 
the study area. This method gives the nature, rate, and location of land use, a set of gains and 
losses images for each land use categories (Weng, 2002). A table matrix was created for land 
use change from 1990 to 2002. This table shows areal data of the overall land use changes as 
well as gains and losses in each land use category for 1990 and 2002. 
After analyzing land use changes, the study examines the effects of land use 
planning approaches by overlaying land use change layers and land use planning layers. Two 
types of land use planning layers, land use plan and zoning layers, are prepared for the 
analysis. Sixty-five noise contours in 1989 extend to several political jurisdictions which 
include the city of Des Moines, West Des Moines, and Norwalk, and Warren County. Since 
each city implemented its own zoning and land use plan, all land use plan maps and zoning 
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maps are collected except for the unincorporated areas in Warren County. Because of a lack 
of data on zoning maps and land use plan maps, unincorporated areas in Warren County are 
not included for this part of the analysis. Tables 10 and 11 show the description of the data 
sources for zoning and land use plan layers. 
Table 10: Description of Original Zoning Maps for GIS layers 
Zoning Map Municipality Date updated Source 
Zoning Map City of Des Moines January 2004 Dept. of Engineering 
Zoning Map City of West Des February 1998 Dept. of Public Works 
Moines 
Zoning Map City of Norwalk April 1997 Dept. of Community 
Development 
Table 11: Description of Original Land Use Plan Maps for GIS Layers 
Land Use Map Municipality Date implemented Source 
Des Moines 2000 City of Des March 1986 Dept. of Community 
Land Use Plan Moines Development 
Comprehensive Plan City of West Des December 1993 Dept. of Public Works 
Land Use Map Moines 
Land Use Plan City of Norwalk 1997 Dept. of Community 
Development 
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The effectiveness of the land use planning approaches on the actual land use change 
within the 65 DNL contour is analyzed by identifying a spatial correspondence between two 
layers (the land use layer and land use planning layers) in both 1990 and 2002. If the land-use 
planning approaches have an impact on actual land use, the spatial correspondence of actual 
land use layer with land use planning will increase from 1990 to 2002. In order to examine 
the spatial correspondence, a cross-tabulation table is created by land classification types. 
Two cross-tabulation tables for 1990 and 2002 are created for each zoning and land use layer. 
These cross-tabulations are created to identify the coefficient of areal correspondence (CAC). 
The coefficient of areal correspondence quantifies the association of spatial distribution of 
two maps. The results vary from 0 to 1. Complete separate distributions give a value of zero, 
while exactly coincident distributions gives a value of 1 (Unwin, 1981). If spatial 
correspondence increases, it implies that land use patterns have changed to the similar 
patterns as zoning or land use plan. 
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CHAPTER 4: ANALYSIS 
This chapter discusses the analysis of the study. First, the noise impacts of the Des 
Moines International Airport (DSM) are analyzed. Noise exposure conditions in 1989 and 
2000 are described and impacts of noise are examined by analyzing the affected population, 
dwelling units, and residential areas. Then, land use changes within the 65 DNL noise 
contour line are analyzed to identify the trends of the land use changes. Also, the 
effectiveness of the land use planning approaches are examined by comparing spatial 
correspondences. 
4.1 Noise Impact Analysis 
Noise Exposure Condition 1989 
Figure 5 shows the noise exposure conditions at the DSM in 1989. This noise 
exposure level is estimated by using the INM program, based on the airport information and 
operation information as discussed in the previous chapter. The 65 DNL noise contour 
spreads northwest, southeast, northeast, and southwest along the four runways. The 65 DNL 
contour along with the 13L-31R runway goes beyond the boundaries of the city of Des 
Moines and reaches northwest to the city of West Des Moines and southeast to the 
unincorporated areas in Warren County. The 65 DNL noise contour associated with the 5-23 
runway also goes beyond the city boundary and reaches southwest to the city of Norwalk. 
The 70 DNL contour line takes almost the same shape as the 65 DNL contour line. It also 
extends beyond the city limits of Des Moines and reaches to the city of West Des Moines and 
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Warren County. Most of the 75 DNL contour line lies within the property of the airport. 
However, it spreads off the airport property to the northwest and southwest areas associated 
with the 13L-31R and 5-23 runways. It is assumed this noise contour area has severe impacts 
on people in this area. 
Noise Exposure Condition 2000 
Figure 6 shows the noise exposure condition at DSM in 2000, which is estimated by 
INM. The overall shape of contours takes a similar pattern as the contours in 1989. The 65 
DNL contour along with Runway 13L-31R goes beyond the airport property to the northwest 
and southeast. However, it remains within the boundary of city of Des Moines. This 65 DNL 
contour associated with runway 5-23 also goes beyond the airport property and reaches to the 
city of Norwalk and south of West Des Moines. Most of the 70 and 75 contours remain 
within the airport property, except for the extension to the southwest. The overall shape of the 
noise contours, since 1989, was reduced in size significantly; especially the noise contours 
associated with runway 13L-31R. This map of the noise exposure conditions shows that the 
flight tracks and runway use percentages have great impacts on the direction of noise 
exposure. 
Fi
gu
re
 3
: N
oi
se
 E
xp
os
ur
e 
C
on
di
tio
ns
 in
 1
98
9 
DS
M
 P
ro
pe
rty
 B
ou
nd
ar
y 
D
 
St
ud
y 
Ar
ea
 B
ou
nd
ar
y 
D
 
Ci
ty
 B
ou
nd
ar
ie
s 
~.
.+
-~
~~
..
..
,,
.y
~+
--
't
-h
--
rr
~"
+-
"'
rl
--
1-
-
DS
M
 R
un
w
ay
s 
.
8 
0.
4 
0 
0.
8 
M
ile
s 
-
-
·
 
m
se
 E
x 
Fi
gu
re
 4
· N
 .
 
I 
io
ns
 m
 2
00
0 
po
su
re
 C
on
d •
t• 
•
 
61 
Comparison of Noise Contour Areas 
Table 12 shows the comparison of areas within each noise contour from 65 DNL to 
75 DNL. In 1989, a total area of 6205.52 acres was exposed to more than 65 DNL noise. Of 
this total area, 3066.69 acres fall into the 70 + DNL noise contour, and 1487.8 acres fall into 
the 75+ DNL noise contour. In 2000, a total area of 2166.26 acres was exposed to more than 
65DNL noise. Of this total area, 957.73 acres fall into the 70 + DNL noise contour, and 
352.46 acres fall into the 75+DNL noise contour. In terms of the areas of noise contours, it is 
clear that each noise exposure area has shrunk considerably to about one-third to one-fourth 
in size, since 1989. From1989 to 2000, the 65, 70, and 75 + DNL noise contour areas have 
shrunk to -65.1, -68.8, and-76.3%, respectively,. This research observed that the 75+ DNL 
contour, in particular, has shrunk about one-fourth its original size. 
Table 12: Noise Exposure Contours 
Area Within Noise 
Contour (Acres) 
Noise 
Contour Change 
Line (DNL) 1989 2000 (Acres) Change(%) 
65 6205.52 2166.26 - 4039.26 - 65.l % 
70 3066.69 957.73 - 2108.96 - 68.8% 
75+ 1487.80 352.46 - 1135.34 - 76.3% 
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Cause of Noise Contour Area Reduction 
All noise contours have shrunk greatly in size from 1989 to 2000 as described above. 
Analysis of the noise modeling process reveals a cause for the reduction of noise contour 
areas. Differences in the total numbers of operations and aircraft feet mix seem to be causes 
for the reduction. Table 13 shows the total number of operations and fleet mix both in 1989 
and 2000. The total number of operations decreased from 163,314 operations to 126,679 
operations annually. In 2000, 36,635 less operations occurred at the DSM, compared with the 
year of 1989. Also, types of aircraft used at the DSM were diversified. In 1989, 15 types of 
aircraft were used at the DSM, while 31 types of aircraft were used in 2000. New types of 
aircraft were introduced into the fleet mix. New generation aircraft are typically quieter than 
old generation aircraft, since they are designed to meet the stricter requirement of noise 
reduction. The shrink of noise contours contributed to a reduction in the population affected 
by more than 65 DNL of noise. These new types of aircraft tend to have engines which are 
designed to emit less noise. A comparison of the number of operations and fleet mix shows 
that less operations and the introduction of new aircraft contributed to reduce the noise 
contour areas. 
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Table 13: Comparison of the Number of Operations and Fleet Mix in 1989 and 2000 
Average Daily Number 
Aircraft '!ype 
1989 2000 
inINM 
717200 
-
1.874 
737400 3.5795 6.1151 
737500 22.3718 2.0384 
767300 
-
0.789 
727EMI 
-
3.5836 
727EM2 28.1884 10.6192 
737Nl7 24.1615 2.0384 
747200 0.4474 -
757PW 
-
5.4904 
A319 
-
2.0384 
A320 
-
2.0384 
BAE300 
-
13.9397 
CL64H 
-
26.1699 
DC860 3.5795 -
DC870 0.8949 2.2027 
DC93LW 34.0051 5.9507 
DHC6 46.9807 19.6274 
EMB145 
-
9.863 
Fl0065 
-
6.1151 
MD83 0.4474 9.3699 
SF340 7.159 13.8411 
LEAR35 
-
12.0274 
LEAR25 " 2.3425 
BEC58P 57.2718 47.7507 
GASEPV 
-
5.737 
GASEPF 166.446 76.3479 
CNA441 29.0833 22.9479 
CNA500 
-
2.2795 
CNA55B 
-
12.6685 
CL600 
-
4.6055 
GIV " 3.4548 
GV 
-
1.1507 
Fl6A 10.7808 
A7D 22.8192 -
Cl2 
-
1.2685 
TotalDailv 447.4355 347.0661 
Total Annual 163314 126679 
Source: Des Moines International Airport, 1989. Department of Aviation, Des Moines International Airport. Des 
Moines International Airport, 2003. 
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Comparison of Noise Impacts on People and Land Use 
Table 14 represents the number of population, dwelling units, and residential areas 
in acres for both 1989 and 2000 by noise contour interval. The total of 3133 dwelling units 
and 7739 people were exposed to more than 65 DNL noise in 1989. In 2000, the number of 
both dwelling units and population had been greatly reduced. The total of 127 dwelling units 
and 311 people were exposed to this same level of noise and no dwelling units and people 
were exposed to more than 70 DNL noise in 2000. Total dwelling units exposed by more than 
65 DNL had decreased by 2822 and the total population had decreased by 7428. 
Residential areas exposed by more than 65 DNL were also significantly decreased. 
In 1989, a total of 876 acres were exposed to more than 65 DNL. In 2000, a total of 30 acres 
were exposed to more than 65 DNL. The total area within 65 DNL had decreased by 846 
acres since 1989. Figures 7 and 8 show the noise exposure conditions and residential areas 
within the study area in 1989 and 2000 separately. Comparison of the two maps shows the 
location of residential areas exposed to high levels of noise in two periods of times and the 
change in exposure levels over this time period. In 1989, the 65 DNL noise contour reached 
the clustered residential areas in the city of West Des Moines over the Raccoon River. These 
residential areas were no longer exposed to that level of noise in 2000. Also, many residential 
areas south and southeast of the airport were not exposed to 65 DNL noise in 2000, which 
significantly contributed to the reduction of the noise exposed to residential areas. Scattered 
residential areas southwest of the airport had been converted to other land uses by 2000 and 
avoided the noise impact on residential areas. However, some residential areas southeast of 
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the airport were still exposed to the 65 DNL noise in 2000. 
Noise impacts were reduced considerably from 1989 to 2000 in terms of the number 
of population and dwelling units, and the total area of residential land use. These 
improvements were mainly accomplished by shrinking the noise contours. However, room 
for improvement still exists. Monitoring noise exposure condition and residential 
developments in future are important. 
Table 14: Population, Dwelling Units, and Residential Area 
1989 2000 
Noise Contour Dwelling Residential Area Dwelling Residential Area 
Interval (DNL) Units Population (Acres) Units Population (Acres) 
65-70 2078 5133 602 127 311 30 
70-75 895 2211 244 0 0 0 
75+ 160 395 30 0 0 0 
Total 3133 7739 876 127 311 30 
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4.2 Land Use Change and Land Use Planning Analysis 
Land Use Change 
Table 15 shows the land use change matrix of noise impacted areas from 1990 to 
2002. Also, Figure 9 shows the map of land use changes by categories. The 65 DNL (db) 
noise contour of 1989 is used to delineate noise impacted areas. Overall, 7 .32% of the land 
use had changed within the 65 DNL noise contour from 1990 to 2002. This number shows 
that land use composition had changed slightly. A close examination by land use type reveals 
that the negatively affected land use within the 65 DNL noise contour, which is the 
residential land use, had decreased by 28.37 acres. A total of 134.99 acres of residential area 
in 1990 had been converted into other types of land uses by 2000. Of this total area, 5 .34 
acres had been changed into commercial use, and 25.35 acres had been converted into 
industrial use, and 104.30 acres had been changed into other use. This land use change is 
positive with regard to noise mitigation. At the same time, a total of 106.61 acres of land had 
changed into residential use. Of this total, commercial use accounts for 4.26 acres, industrial 
use accounts for 5.83 acres, and other uses account for 96.52 acres. Overall, residential land 
use decreased by 3.24%. This decrease of residential land use shows a positive direction of 
land use within 65 DNL contour in terms of noise mitigation. Considerable increases in land 
use happened in industrial areas. Overall, 55.09% (116.56 acres) increased in industrial areas. 
25.35 acres of the residential land, 3.32 acres of the commercial land, and 119.67 acres of 
other types of land in 1990 had changed into the industrial land by 2002. Of these three types 
of land uses, a majority of the changes ( 119 .67 acres) resulted from other land uses. From 
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Figure 9 and Table 15, it is inferred that large undeveloped lands and agricultural lands were 
converted into industrial land use. As for the land use changes of industrial use in 1990, 5.83 
acres of the industrial land had changed into the residential and 25.95 acres of the industrial 
land had changed into the other types of land in 2002 (Total=31. 78 acres). These land use 
changes from industrial in 1990 to residential and other are not significant, when compared 
with land use changes from residential, commercial, and other to industrial. 
Table 15: Land Use Change Matrix of Impacted Areas 1990 - 2002 in Acres 
1990 
Change Change 
Residential Commercial Industrial Other 2002 Total (Acres) (%) 
Residential 741.19 4.26 5.83 96.52 847.80 -28.37 -3.24% 
a Commercial 5.34 107.48 0.00 34.37 147.19 3.01 2.09% 
= Industrial 
"' 
25.35 3.32 179.78 119.67 328.12 116.56 55.09% 
Other 104.30 29.11 25.95 4723.04 4882.41 -91.20 -1.83% 
1990 Total 876.19 144.17 211.56 4973.60 6205.52 454.03 7.32% 
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Effects of Land Use Planning Approaches 
The impact of two land use planning approaches, zoning and land use plan, on actual 
land use change will be examined through the cross-tabulation method. Tables 16 and 17 
show the cross-tabulation matrixes for land use plan and actual land use in 1990 and 2002 
respectively. Figure 10 shows the land use plan districts within 65 DNL in 1989. From this 
table, the coefficient of areal correspondence (CAC) is identified for both years. CAC in 
1990 is 3375 (area of spatial correspondences) I 5549 (total area)= 0.6082. Thus 60.82% of 
land use areas corresponded to their land use plan areas. CAC in 2002 became 3466 (area of 
spatial correspondence) I 5449 = 0.6361. Thus 63.61 % of land use areas corresponded to 
their land use plan areas. This number increased by 2.79%, and implies that the spatial 
correspondence between land use and land use plan is increasing. Therefore, the spatial 
distribution pattern of actual land use became more similar to the land use plan from 1990 to 
2002. The magnitude of land use changes toward land use plan seems small, since this study 
identified only + 2.79% changes. 
Table 16: Land Use 1990 and Land Use Plan Matrix in Acres 
Land Use Plan 
Residential Commercial Industrial Other Total 
~ Residential 472 100 25 119 716 rll 
;J 
"C Commercial 11 56 0 69 136 
= =  ="' ~ ="' Industrial 5 8 124 75 212 
'i 
,..., 
= 
Other 856 218 688 2723 4485 
-
~ 
< Total 1344 382 837 2986 5549 
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Table 17: Land Use 2002 and Land Use Plan Matrix in Acres 
Land Use Plan 
Residential Commercial Industrial Other Total 
~ Residential 465 104 24 87 680 
"' ;;,
'i::I Commercial 4 77 0 61 142 
= N 
= g Industrial 18 6 195 109 328 ~ 
ca N 
= Other 857 195 618 2729 4399 .... 
CJ Total 1344 382 837 2986 5549 < 
Similarly, the CAC is identified for land use changes and zoning districts. Figure 11 
shows the zoning districts within 65 DNL in 1989 and Tables 18 and 19 show the 
cross-tabulation matrixes for zoning and land use in 1990 and 2002 respectively. CAC 
between the land use layer and the zoning layer in 1990 is 1833 (area of spatial 
correspondences) I 5164 (total area)= 0.3550. Thus, 35.50% of land use areas corresponded 
to their zoning districts. CAC in 2002 became 1884 (area of spatial correspondence) I 5165 = 
0.3648. Thus, 36.48% of land use areas corresponded to their zoning districts. The CAC 
number increased at 0.98%. As with the land use plan, the spatial correspondence between 
land use and zoning is increasing, and, thus, the spatial distribution pattern of actual land use 
is becoming more similar to the zoning from 1990 to 2002. The magnitude of land use 
changes is also not very significant for zoning, since this study identified only + 0.98% 
changes. 
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Table 18: Land Use 1990 and Zoning Matrix in Acres 
Zoning 
Residential Commercial Industrial Other Total 
Q,I Residential 598 20 83 13 714 
"' ;I 
"O Commercial 34 96 7 7 144 
= = Cll ~ Industrial 5 8 180 19 212 ..;i ~ 
-; .... 
= 
Other 1075 189 1871 959 4094 
.... 
~ 
Total 1712 313 2141 998 5164 < 
Table 19: Land Use 2002 and Zoning Matrix in Acres 
Zoning 
Residential Commercial Industrial Other Total 
Q,I Residential 615 19 9 25 668 
"' ;I 
"O Commercial 20 119 0 8 147 
= N Cll 
= Industrial 0 6 253 68 327 ..;i = 
-
N 
Cll Other 1077 169 1879 897 4022 
= .... ~ 
Total 1712 313 2141 998 5164 < 
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CHAPTER 5: RESULTS AND DISCUSSIONS 
This chapter describes the overall results of the study by responding to the research 
questions and hypothesis identified in Chapter 1. First, the results of the analysis of the noise 
regulatory framework described in Chapter 2 are discussed. Then, the results of the analysis 
of noise impact, land use changes, and the effectiveness of land use planning approaches are 
discussed thereafter. 
5.1 Noise Regulatory Framework 
The review of national policies for aircraft noise regulation, liability of federal, 
states, and local governments reveals the aircraft noise regulatory framework. Several 
national acts focusing on airport noise were enacted since the 1950s. These acts served to 
give the national standards for aircraft noise reduction. These acts also served to clarify the 
jurisdiction over the use and management of airspace. They virtually clarified the jurisdiction 
over the noise mitigation practices. Along with these acts, judgments from court cases served 
to clarify the jurisdiction and the liability of federal, state, and local governments for aircraft 
noise. From an analysis of the noise regulatory framework, it is found that the federal 
government has been granted exclusive and complete authority over the use and management 
of airspace. Therefore, local and state governments do not have the full police power to 
control airport operations for noise mitigation. This is because such control may affect the 
use of navigable airspace. Local governments have the power to regulate activities of airports 
and surrounding areas that are purely of local concern. This power includes regulation of 
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ground operations, exercise of zoning authority, and imposition of building and height 
restrictions. 
5.2 Noise Impact 
From the analysis of the case study at the Des Moines International Airport (DSM), 
the study found that the noise exposure conditions greatly improved from 1989 to 2000. The 
noise contours shrank significantly. The 65DNL noise contour shrank from 6205.52 acres to 
2166.26 acres in size (- 65.1 %). Also, 70 and 75 DNL noise contours, respectively, shrank to 
about one-third to one-fourth in size during this period. These shrinks of noise contours seem 
to occur due to a decrease in the total number of operations and the introduction of new types 
of aircraft into the fleet mix. A new generation of aircraft, which meets the stricter 
requirements of noise reduction design than the old generation of aircraft, emits less noise. 
The shrink of noise contours contributed to a reduction in the population affected by more 
than the 65 DNL noise. The total population in the noise contour decreased from 7739 to 311. 
No person lives within the more than 70 DNL noise condition. An overlay analysis of the two 
maps, the noise contours and residential land use map in 2000, clarifies one reason for the 
reduction in the noise affected population. One of the reasons is that while the size of the 
noise contours shrank, the shape of these contours took almost the same pattern. These 
shapes of noise contours helped reduce the noise affected population. Most of the noise 
contours which went beyond the airport property, covered the non-residential areas along 
with two runways. Only a small section of the residential areas southwest of the airport was 
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covered by the noise contours. Therefore, the noise affected population was greatly reduced 
through the reducing noise exposure contours and their shape at the DSM from 1989 to 2000. 
In order to further reduce negative impacts of airport noise and avoid non compatible land 
use around the airport, it is important to monitor the change of noise exposure conditions and 
new residential developments around the airport. There are plenty of undeveloped areas east 
and south of the airport. These areas could be potentially developed as residential. Thus, 
attention must be paid for residential development in these areas. 
Even though the noise contour shrank from 1989, the 65 DNL noise contour line 
serves as good parameter to analyze land use conditions within this line. Examination of land 
use compositions and the direction of land use changes would be good indicators to 
encourage orderly developments around the airport with regard to noise compatibility. 
5.3 Land Use Changes 
Land use patterns within the 65 DNL noise contour of 1989 have changed about 7% 
from 1990 to 2002. The noise sensitive land use, the residential areas, decreased at -28.37 
acres (-3%) in this time period. Land converted into residential was 106.61 acres. At the same 
time, 134.99 acres of land was converted from residential to other types of land uses. Thus, 
the total residential area decreased from 87 6.19 to 84 7 .8. These changes in residential area 
suggests that the direction of land use changes are positive in terms of keeping the residential 
development away by certain distances from the airport. Also, the increase of the industrial 
developments represents a positive land use change. The total area of industrial land use 
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increased from 211.56 to 328.12 acres (+55.09%). Industrial land use is considered as noise 
compatible around an airport and should be encouraged for noise mitigation. 
5.4 Effectiveness of Land Use Planning Approaches 
In order to see the effectiveness of land use planning approaches, the study 
examined the coefficient of areal correspondence (CAC) between the actual land use pattern 
and land use patterns shown in the land use plan maps and zoning maps. From the results of 
the CAC analysis, this study found that the land use pattern had conformed to the pattern 
identified in the land use plan maps and zoning maps. CACs for land use plan are 60.82% in 
1990 and 63.61%in2002. CACs for zoning are 35.50% in 1990 and 36.48% in 2002. 
Therefore, the analysis confirmed an increase ( + 2.79%) for the land use plan. For zoning, 
the analysis also confirmed an increase ( + 0.98% ). The land use plan resulted in a higher 
number of the CAC, which is positive with regard to implying the effectiveness of the land 
use plan to change the land use patterns. Overall, land use patterns were changing in the 
direction of land use patterns identified in the land use plan and zoning map from 1990 to 
2002, as the CAC increased for both land use plan and zoning. 
From the results obtained by the study, hypothesis established in Chapter 1 is 
examined. The hypothesis states Land use planning approach is a relatively important tool to 
mitigate noise pollution around an airport. The results of the noise impact analysis show that 
a reduction of the noise affected population caused by a reduction of the noise contours is 
due to decrease of total operations and the introduction of new types of aircraft. Controlling 
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the number of operations and types of aircraft belong to the operational control approach. 
Thus, it seems the operational control approach has the possibility of changing noise 
conditions around the airport dramatically, and improving negative impacts of noise on 
people. As for the effectiveness of land use planning for airport noise mitigation, the results 
of CAC analysis imply that zoning and land use plan did not have the effect of changing the 
land use pattern dramatically in a short term period, even though they may have effects on 
the changes of actual land use for the long term. The results of CAC analysis show land use 
control approaches have at least the power to keep a land use pattern as identified in the land 
use plan and zoning. Both of the CAC results did not show negative values. This means the 
direction of the land use changes did not go against the land use patterns identified in the 
land use plan and zoning. Thus, it could be an effective planning tool to prevent non 
compatible land use around an airport, specially by designating the land around an airport as 
noise compatible land use such as industrial and agricultural, local planners can use these 
land use planning approaches to encourage orderly developments around an airport for noise 
mitigation. Therefore, along with the operational control approach, land use control is a 
relatively important tool to mitigate noise pollution around an airport. Therefore, this study 
supports the hypothesis established above. 
In order to use land use planning approaches effectively, noise condition monitoring 
and estimation around the airport can be critical. The land around an airport, designated as 
non residential but is suitable for residential development, must be determined after careful 
attention to the noise exposure conditions. As shown in this study, the noise conditions may 
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change dramatically over a decade. Local planners need to monitor the current noise 
conditions and estimate future noise exposure conditions. If local planners can estimate noise 
exposure conditions in the future correctly, land use planning approaches become a potential 
tool to prevent non compatible land use. These planning approaches will work better with 
precise noise condition estimation. 
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CHAPTER 6: CONCLUSIONS AND RECOMMENDATIONS 
This chapter describes the conclusions of this study and the recommendations for 
future research. The summary and limitations are discussed. Also, recommendations for 
further research, which are learned from this study, are mentioned. 
6.1 Summary 
From the examination of the regulatory framework for noise mitigation, this study 
found that local governments tend to have limited options for controlling airport operations 
for aircraft noise mitigation, considering the federal preemption over the use and 
management of airspace. Of two types of controls (land use controls and operational 
controls), operational controls, which involve controls and regulations of the aircraft 
themselves or airport operations, such as preferential runways, aircraft bans and curfews, and 
slots and capacity restriction, may not be available for local governments, since these 
controls may conflict with the federal jurisdiction. Thus, the land use planning approaches 
are considered to be the potential noise mitigation techniques fully available for local 
governments. 
The case study of the Des Moines International Airport (DSM) revealed that noise 
exposure conditions significantly improved during one decade. This improvement 
contributed to a reduction of noise for affected population and residential areas. An 
examination of land use changes from 1990 to 2002 showed that land use around DSM did 
not change significantly, specially noise sensitive land use, residential land use did not show 
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dramatic changes. These results show that major residential development did not occur in this 
area. This non-active residential development also contributed to a reduction of the noise 
affected population. 
The analysis of the effectiveness of zoning and land use plans found an indication of 
an impact of these land use planning approaches on the actual land use changes. Overall, the 
actual land use changes followed the land use pattern identified in the land use plans and 
zoning. The results show that operational control approach can be effective to mitigate noise 
pollution by reducing noise exposure conditions. At the same time, land use planning 
approaches also can be potential tools to mitigate noise pollution by preventing non 
compatible land use. Land use did not change against the land use pattern identified in the 
land use plans and zoning. Thus, land use planning offers an effective tool to prevent non 
compatible land use by keeping a land use pattern as identified in the land use plan and 
zoning. Local planners could implement these land use planning techniques as a farsighted 
action. To do so, the local planner need to monitor and estimate noise exposure conditions, 
and implement land use planning approaches in advance. Which area is noise compatible and 
which area is not noise compatible depends on noise exposure conditions. There is always the 
possibility that noise exposure conditions change. Thus, an ability of noise monitoring and 
estimation becomes very important for local governments around an airport. 
Also, it is important for airport communities to show the direction of land use 
patterns in the future through land use planning approaches. Although this study did not find 
significant effects of the land use planning approaches for noise mitigation, compatible land 
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use planning around an airport is still the key practice for a local government, in order to 
continue providing adequate air services, while avoiding negative impacts on people who 
live in the vicinity. It is important to identify the current noise exposure conditions and land 
use conditions, estimate future noise exposure conditions, and implement appropriate land 
use planning strategies. Noise is a serious issue for airports in the United States, and to have 
successful airports operation, an airport proprietor, a local government, and the federal 
government need to deal with this environmental issue with available measures through 
coordinating their mitigation activities. 
Besides, noise exposure tends to extend through several political boundaries like the 
case of the DSM. However, the land use planning approaches, such as a land use plan and 
zoning are implemented by each city. Therefore, good cooperation among the affected local 
governments is necessary to conduct a successful compatible land use planning practice. 
6.2 Limitations of the Research 
In order to analyze the impact of aircraft noise and the effectiveness of land use 
planning, a case study was conducted at the DSM. Since this is case study, results cannot be 
applied to other airports and communities. Generalization of the results cannot be given for 
other cases. In this study, considering the limitation of time and resources, a case study only 
at one airport was conducted. This study required considerable data for aircraft noise analysis 
and GIS analysis. Therefore, the case study was limited to only one airport. 
As for the methodology for aircraft noise analysis, the Integrated Noise Model 
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(INM) was used to model noise conditions at DSM. The INM required significant amount of 
data from airport information to operation data. The more accurate the data that is inputted 
into the software program, the more precise the model noise conditions. Ideally, it is best to 
obtain input data for every single operation and aircraft data such as precise flight tracks, 
types of engines, and weights of aircraft. However, some data were not recorded and other 
data were not accessible for security reasons. Thus, there is a limitation for the data this 
researcher had access. Therefore, noise modeling was conducted by the most detailed data 
available for this researcher. 
With regard to the analysis of land use planning, two approaches, land use plan and 
zoning were examined, since the local governments in the study area implemented these two 
techniques. However, there were more land use control approaches identified in studies 
conducted by other researchers. These land use controls included land acquisition, 
avigational easement, building codes, transfer of development right (TDR), and land banking. 
These techniques may be also useful for local planners. However, these approaches were not 
included in this study. 
6.3 Recommendations for Future Research 
In order to provide effective land use planning approaches, airport operators need to 
monitor and estimate noise conditions continuously, specially when the structure of an airport 
changes, such as runway extension and new runway construction, significant changes in 
noise exposure condition is expected. Therefore, noise exposure condition monitoring is 
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important all the time. 
Because of the limitation of time and resources, a case study at one airport was 
conducted. To obtain a clearer understanding of noise impact and the effectiveness of land 
use planning for noise mitigation, the same type of case study at other airports in the United 
States is necessary. The comparison of results at different type of airports will give a better 
understanding on airport noise issues and solutions in the nation. Also, airport communities 
around the United States implement different kinds of land use planning approaches, not just 
land use plan and zoning. Case studies at other airport would allow future research to 
examine the effects of these land use planning practices, which this study could not examine, 
specially some of the airports which implement noise overlay zoning, one type of zoning 
specifically designed for airport noise mitigation. Noise overlay zoning typically establishes 
noise overlay districts in areas with high levels of aircraft noise for the purpose of directing 
uses compatible with different noise levels. Analysis of these special planning techniques 
will be of interest and useful for planners. 
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